INTRODUCTION
Renal cystic diseases encompass a broad group of disorders with variable phenotypic expression. The term polycystic kidney disease (PKD) explicitly refers to two genetically defined renal cystic diseases: Autosomal recessive polycystic kidney disease (ARPKD) and autosomal dominant polycystic kidney disease (ADPKD).
ARPKD (OMIM 263200) belongs to a group of con genital hepatorenal fibrocystic diseases characterized by dual renal and hepatic involvement [15] . ARPKD has an incidence estimated at 1/20000 to 1/40000 with a wide spectrum of phenotypic expression [2, 46] . ARPKD occurs as the result of a mutations in a single gene, polycystic kidney and hepatic disease 1 (PKHD1) [7, 8] ; encodes a protein called fibrocystin or polyductin (FPC) [9, 10] ; and is commonly diagnosed in utero through early childhood [2, 3, 5] . ADPKD is generally an adultonset multisystem disorder, characterized by bilateral renal cysts, vascular abnormalities including intracranial aneurysms, and cysts in other organs including the liver. ADPKD is increasingly diagnosed in childhood and adolescents [2, 11] . Substantial variability in the severity of renal disease and other extrarenal manifestations occurs even within the same family. ADPKD is more common than ARPKD with an incidence of estimated at 1 in 600 and 1 in 1000 live births [12] . ADPKD is a heterogenetic disorder caused by mutations in either the PKD1 gene (85%) (OMIM173900) encoding the protein polycystin 1 (PC1), or in the PKD2 gene (15%) (OMIM173910), encoding polycystin 2 (PC2). The recent report of a third ADPKD gene has been reported but it represents a very small number of ADPKD patients that did not map to PKD1 or PKD2 locus [13] . ADPKD is characterized by the progressive development and expansion of fluidfilled cysts derived from renal tubule epithelia and typically leads to ESRD by late middle age [14, 15] . Clinically, a significant overlap of symptoms between ARPKD and ADPKD has been observed in children. Recent investigations at the cellular and molecular level provide compelling rationale for this clinical ob servation as ARPKD and ADPKD share many common pathophysiological features [2, 5, 16] . Such studies reveal: (1) PKHD1, PKD1 and PKD2 proteins are expressed in multimeric "cystoprotein" complexes at specific locations within epithelial cells [5, 1719] ; (2) complex interactions between all three genes and their protein products occur at a molecular and cellular level [15, 2023] ; (3) cyst formation not only requires a PKD mutation but also requires simultaneous cell proliferation; (4) cyst development in both ARPKD and ADPKD begins in utero [2426] ; and (5) clinical manifestations of both disorders are seen in newborns, children, and adolescents [3, 5, 2730] . These findings suggest that therapeutic interventions at an early stage of disease may provide the best opportunity for beneficial longterm clinical outcomes for patients with PKD [3, 5, 31] . Cyst initiation and expansion are complex pheno mena comprised of multiple interacting processes. The precise mechanisms leading to enlarged cystic kidneys and liver abnormalities are unclear. However, various cellular defects have been identified that are common to cystic renal epithelia in both ARPKD and ADPKD. These include: (1) abnormalities of expression, function and polarity of one or more members of the epidermal growth factor (EGF) family of receptors and ligands [the (EGFR)axis]; (2) abnormal activity of cSrc (pp60c Src); decreased intracellular calcium leading to aberrant intracellular cAMP signaling; (3) abnormal structure and/or function of the primary cilia; (4) alterations in cellcell, and cellmatrix interactions; and (5) activation of interstitial macrophages leading to progressive fibrosis.
Tesevatinib (TSV, previously been known as XL7647, XL647, PRIM001 and KD019) is a unique multikinase inhibitor that is being utilized in a phase II clinical trial for treatment of ADPKD (https//ClinicalTrials.gov/ADPKD: NCT01559363) [32, 33] . The basis of this therapeutic ap proach is that the use of a multikinase inhibitor provides "combination therapy" targeting multiple abnormal signal transduction events in PKD. TSV is a particularly appealing candidate for therapy due to its inhibition profile of c-Src (pp60c-Src) which decreases activity of both the EGFR axis and cAMP pathways [34] as well as its inhibition of KDR that will target abnormal angiogenesis necessary for cyst growth.
MATERIALS AND METHODS

Animal models
All animal experiments were conducted in accordance with policies of the NIH Guide for the Care and Use of Laboratory Animals and the Institutional Animal Care and Use Committee of the Medical College of Wisconsin.
The BALB/c-(Bicc1/Bicc1) model
The BALB/c (Bicc1/Bicc1) (BPK) model, a murine phenocopy of ARPKD, has been extensively characterized [3537] . Affected animals die at postnatal day (PN) 23 (aver age) with a range of PN21 to PN25. Extrarenal manifestations include biliary ductal ectasia (BDE). BPK animals were identified utilizing a PCR based genotyping method that has been described in detail [38] . BALB/c wildtype (WT) controls were utilized in all experiments.
Both WT and cystic (bpk) male mice were admi nistered the HCL salt of TSV, by intraperitoneal (IP) injections at 7.5 and 15 mg/kg per day starting at PN4. Kidney and liver (left lobe) tissues were harvested at PN21, 2 h following the last dose, and assessed for the following: Body weight; total kidney weight (TKW); kidney weight to body weight (KW/BW) ratios; morphometric determination of a cystic index (CI); target validation was confirmed by western analysis; and renal function was assessed by determining serum BUN; creatinine (CR); and urinary concentrating ability (UCA).
A colony of bpk animals have been inbred in the Avner laboratory since 1991 without significant phenotypic drift.
PCK rat model
The PCK rat is an orthologous model of human ARPKD characterized by slowly progressing renal cyst formation, impairment of renal function and development of congenital hepatic fibrosis. The PCK arose from a spontaneous mutation in the rat homolog of human PKHD1 in a Sp rague Dawley colony in Japan at the Education and Research Center of Animal Models for Human Diseases of Fujita Health University and subsequently transferred to Charles River United States [10, 39] . Similar to human disease, previous reports in PCK rats have demonstrated an increased renal expression of active ErbB2 (pY1221/1222) [34] , active cSrc (pY418) [34, 40] and hepatic sensitivity to EGFR inhibition [41] . Therefore, the PCK is a valuable orthologous model for testing therapeutic intervention in ARPKD.
Male PCK and Sprague Dawley controls were ad ministered TSV daily by oral gavage, from PN30 to PN90 (61 doses). Similar to the bpk, PCK and SD kidney and liver (left lobe) tissues were harvested two hours following the final dose and assessed for the following parameters: Body weight; total kidney weight (TKW); KW/BW ratios; morphometric determination of a CI; target validation by western analysis; and renal function was assessed by determining serum BUN; CR; and UCA.
A colony of PCK and SD animals has been main tained at the Medical College of Wisconsin 2004 without significant phenotypic drift.
TSV
TSV (formerly named XL7647, XL647, PRIM001 and KD019) is an orally bioavailable compound with a MW of 663.59 g/mole. TSV is a 4-anilinoquinazoline bearing an octahydrocyclopentapyrrol substituted methoxy group at the C7 position. It is a monop-toluenesulfonic acid salt with a MW of 663.59 g/m. Data from pharmacodynamics in vivo experiments show that inhibition spectrum of TSV includes key tyrosine kinases (EGFR, HER2/ErbB2, cSrc) that promote epithelial cell proliferation and VEGFR2/KDR which promotes angiogenesis and/or neovascularization [32, 33] . 
TSV preparation and administration
PCK treatment
SD and PCK males were administered TSV by oral gavage from PN30 to PN90. SD sham, vehicle treated and TSV treated at 7.5 and 15 mg/kg per day along with the same groups of PCK animals were examined. Two hours following the last dose, renal and the left lobe of the liver were routinely harvested at P90 (2 h post last substitute dose for injection). Heart, spleen, pancreas, stomach, and thymus were periodically harvested at PN90 to evaluate possible toxicity of vehicle or TSV. The same parameters evaluated in bpk were assessed in the PCK. First urine samples were collected in metabolic cages after 88 d to assess UCA after 12 h without water. TSV treatment of PCK animals resulted in significant improvement of all assessed parameters compared to untreated PCK without evidence of toxicity or detrimental effects of KDR inhibition.
Western analysis
Control and cystic kidneys were first chopped in RIPA buffer supplemented with protease and phosphatase inhibitors (RIPA + ), to minimize the contribution of cyst fluid protein to the total cellular protein. Tissue lysates were then extracted in fresh RIPA + as previously described [34] and were adjusted to an equal amount of protein (1.5 mg) (determined by BCA assay, Pierce, Rockford, IL, United States) per milliliter based on the least concentrated sample. For Western analysis, 30 mg of the original tissue lysate (after volume adjustment), were denatured with 5 × sample buffer; and subjected to SDSPAGE on 4% to 20% gradient gels, and were transferred onto membrane by Western blotting. The levels of total protein and active (phosphorylated) proteins were determined using specific primary antibodies, followed by peroxidaseconjugated appropriate secondary antibody and visualized by ECL (GE Healthcare BioSciences Corp, Piscataway, NJ, United States). Transfer efficiency and molecular weight determinations were performed with Rainbow ® MW markers (GE Healthcare BioSciences Corp, Piscataway, NJ, United States). Bands were semiquantitatively compared using NIH Image 1.62. The densitometry value of wildtype untreated control was arbitrarily set at 1 and the densitometry of the other bands was compared to this value. Both Westerns and respective densitometry data shown are representative of three independent experiments with reproducible findings.
Antibodies
Rabbit polyclonal antibody to pan Src (#2108), pSrc (#2101), EGFR (#4267), pEGFR (pY1068) (#3777), ERK1/2 (#4695), pERK1/2 (#4376), KDR (#9698, #2472), pKDR (#3770), and βactin (#3700) were purchased from Cell Signaling Technology (Beverly, MA, United States). Mouse antirat (#550300) and rat anti mouse (#553708) CD31 (PECAM1) (#550300) was purchased from BD Biosciences (San Jose CA, United States) and antimouse CD31 (ab28364), ErbB2 (ab16901), and pErbB2 (ab131102) was purchased from Abcam Inc. (Cambridge, MA, United States) and used to probe Western blots. A rabbit polyclonal to βactin (ab8227) was used to monitor protein loading of Westerns.
Histology, immunohistology, and determination of segmental nephron cyst localization
All kidney and liver tissues were fixed in 4.0% para formaldehyde in phosphate buffer (pH = 7.4) for 30 min at 4 ℃, dehydrated and embedded in paraffin.
Segmental nephron cyst localization and collecting tubule (CT) CI were quantitated in each experimental group by combining morphometric analysis with light microscopy and immunohistology as previously described [34, 35, 37, 42] .
Kidney weight/body weight ratio and renal CI
At P21, or PN90 control and cystic, treated and un treated animals were given the last dose weight, as were both excised kidneys. Total kidney weights to body weight ratios were calculated. The degree of CT cyst formation was quantitatively assessed by segment specific morphometric analysis as previously described [34, 37, 42] and expressed as the CI (see below).
Cyst localization was determined by segment-specific lectin binding using Dolichos biflorus agglutinin (DBA) as a marker for CTs and Lotus tetragonolobus agglutinin (LTA) as a marker for proximal tubules [34, 37, 42] . For each treatment group, a CT CI was determined on 5 to 6 affected pups.
The CI is a model specific means to assess the degree of disease burden or progression based on the natural progression of the renal disease and hepatic disease (BDE in bpk) and (LW/BW in PCK) In the bpk, the CI and BDE index are on a scale of 1 to 5 based on the disease burden normally present at PN0, 5, 10, 15, Sweeney WE et al . Multi-kinase inhibition in ARPKD and 20. The renal index in bpk measures the number and size of PT and CT cysts and the BDE (also a 1-5 scale) is based on the number of abnormal portal triads in the left lobe of the liver that is seen during the natural progression in the bpk.
The PCK CI is on a scale of 1 to 10 based on the number and size of cystic lesions seen at 15 d intervals beginning at PN15 and ending at PN150. Since all cysts occur in CT segments the number and size of these lesions are evaluated. The hepatic lesions in the PCK are biliary cysts and all are affected to varying degrees so we use a simple LW/BW ratio to assess hepatic disease progression.
The kidney and left lobe of the liver in bpk and kidney in PCK is embedded medulla side down and a minimum of 3, 4 mmol/L thick sections at depths 100 µMs apart (25 sections) are evaluated as previously described [34, 37, 42] .
Analysis of renal function and UCA
Animals were deprived of water for 12 h prior to collection of urine samples for determination of UCA. Urinary concentrating was determined by freeze point using a freezing point osmometer (Multi-Osmette; Model 2430, Precision Instruments Inc.
Blood samples were obtained by cardiac puncture for serum BUN and CR measurements. Serum BUN and CR was determined on an automated clinical chemistry analyzer as previously described [37] .
Statistical analysis
The significance of differences between experimental groups was determined by a oneway analysis of va riance. Results are expressed as means ± SD.
RESULTS
BPK
The in vivo activity of TSV was evaluated in the bpk mouse, a phenocopy of ARPKD based on the dual organ abnormalities seen in this model. It is a rapidly progressing model that results in ESRD and death by PN 24. The rapid progression simulates the clinical course of severe ARPKD presenting in newborns. The bpk model provides a relatively rapid means of assessing the in vivo efficacy of a potential therapeutic compound. Given the reported activity of TSV against the vascular endothelial growth factor receptor 2 (VEGFR2 or KDR), the bpk model is also a good model to evaluate the inhibition of angiogenesis inhibition during postnatal cystic kidney development.
Both wildtype (WT) (BALB/c
) and cystic (bpk) (bpk
) mice were administered the HCL salt of TSV, by intraperitoneal (IP) injections at 7.5 and 15 mg/kg per day starting at PN4. At PN21 the animals were weighted for the last time and kidney and liver tissues were harvested 2 h following the last injection of TSV. The following parameters were assessed: body weight, total kidney weight (TKW); KW/BW ratios; and morphometric determination of a CI. Renal function was assessed by: Serum BUN; CR; and a 12 h UCA. Validation of reported targets including the level of angiogenesis and inhibition of angiogenesis (active VEGFR2/KDR) was assessed by Western analysis. TSV treatment of bpk mice resulted in significant improvement of all assessed parameters compared to untreated or vehicle treated cystic animals without significant changes in body weight, evidence of toxicity or detrimental effects of the inhibition of KDR (Table 1) . Figure 1 reveals that TSV administration to bpk animals from PN4 to PN21 (18 doses) results in a dose dependent reduction in whole kidney size when compared to untreated bpk cystic kidneys. The change in whole kidney size is also reflected in the dose dependent significant decrease in TKW from 2.03 ± 0.28 g in untreated bpk (column E, Table 1 ) to 1.59 ± 0.19 (P < 0.001) and 1.21 ± 0.10 g (P < 0.001) with TSV at 7.5 mg/kg per day (column G, Table 1 ) and 15 mg/kg per day (column H, Table 1 ) respectively.
The reduction in whole kidney size and TKW for bpk kidneys is associated with markedly improved renal morphology as shown in Figure 2 . Accordingly, the CI was significantly reduced by treatment as seen in Table 1 .
The CI index was reduced by 25% in bpk mice from Table 1 . Further, the morphology of wildtype TVS treated kidneys seen in Figure 2A shows no obvious signs of toxicity (Treatment interval: PN4-PN21). TSV: Tesevatinib.
4.80 ± 0.4 to 3.60 ± 0.52 (P < 0.001) treated with TSV at 7.5 mg/kg per day and by 48% (2.5 ± 0.5, P < 0.001) in BPK mice treated with TSV at 15 mg/kg per day compared to untreated bpk kidneys ( Table 1) . The morphology of bpk kidney and liver shown in Figures 2 and 3 respectively, demonstrates a dose dependent reduction in the progression of disease in both kidney and liver respectively. The red labelled CTs cysts in PN21 untreated bpk animals ( Figure 2B ) are very large with little normal parenchyma in between. TSV treatment reduces the number and size of the CT cysts in kidneys treated with TSV at 7.5 mg/kg per day ( Figure 2C ) and 15 mg/kg per day ( Figure 2D ). Kidneys shown in Figure 2C and D reveal LTA labelled proximal tubule cysts (brown) that are indicative of a "younger" PKD disease course as previously described [34, 35, 43] . The improved morphology with TSV treatment correlates with the reduced whole kidney size (Figure 1 ) as well as with the reduced TKW, CI and BDE index in Table 1 .
All morphometric measures of renal disease and liver abnormalities associated with ARPKD, as well as all renal functional parameters improved in a dose dependent manner in bpk with TSV administration. In the bpk, at PN21 this included an improvement in: BUN of 41% (P < 0.001) and 62% (P < 0.001); serum CR improved 25.5% (P < 0.01) and 49% (P < 0.001); and the UCA improved by 25% (P < 0.05) and 69.4% (P < 0.001) with 7.5 and 15 mg/kg per day respectively as seen in Table 1 .
There was also a marked change in biliary ductal ectasia (BDE) with TSV treatment as assessed by histological evaluation of hepatic morphology in the bpk Sweeney WE et al . Multi-kinase inhibition in ARPKD ( Figure 3 and Table 1 ). BDE at PN21 of TSV treated cystic mice (Table 1) was significantly reduced by 25% from 4.80 ± 0.50 to 3.70 ± 0.40 (P < 0.01) with 7.5 mg/kg per day and was furthered reduced by 42% to 2.80 ± 0.40 (P < 0.001) with TSV treatment at 15 mg/kg per day.
Treatment of BALB/c wildtype control animals showed no statistical difference in any assessed para meters including renal function at 7.5 or 15 mg/kg per day dose when compared to untreated wildtype animals. The morphology of both the kidney ( Figure 2A ) and liver ( Figure 3A) at the 15 mg/kg per day dose and the lack of change in renal function (Table 1) at either dose indicated no obvious signs of toxicity with TSV administration.
Kinase target validation was assessed in the bpk kidneys treated with TSV. As seen in the Western blots of Figure 4 , TSV targeted the kinases previously shown to play a role in proliferation and cystic disease in renal epithelia. The use of TSV resulted in a significantly reduced phosphorylation level of EGFR ( Figure 4A3 , and 4A4), cSrc ( Figure 4C3 and 4C4) and ERK1/2 ( Figure  4E3 and 4E4). For these key kinases, TSV treatment of 15 mg/kg per day resulted in phosphorylation levels similar to untreated control kidneys (Figure 4 , lanes A4, C4 and E4 compared to wildtype control levels as seen in Figure 4 
lane 1 of panel A, C and E).
An obvious consideration with the potential use of TSV in pediatric patients is deleterious side effects due to disruption of developmentally critical proteins. A particular concern is the effect of TSV on angiogenesis. The inhibition of KDR or VEGFR2 ideally would not cause a reduction in activity of the receptor much below wildtype levels where inhibition of angiogenesis would likely have significant detrimental effects on normal kidney development. The rapidly progressive bpk was used to evaluate the inhibitory effect of KDR during postnatal development.
To investigate the level of angiogenesis inhibition we measured the change in VEGFR2 (KDR) activity in bpk ( Figure 5 ). As Figure 5 shows, the amount of active pKDR in TSVtreated kidneys at 15 mg/kg per day is not significantly different from the level of untreated wild type controls. The expression data of CD31 or PECAM1, an endothelial cell protein reveal a decreased expression in TSV treated bpk cystic kidneys. These data demonstrate 
Figure 4 Target validation in BPK.
Western analysis of the MAPK pathway activity of EGFR (p-EGFR), cSrc (pSrc), and ERK1/2 (p-ERK ½) reveals that BPK cystic kidneys have significantly increased levels of active or phosphorylated p-EGFR (A2), pSrc (C2) and ERK1/2 (E2) compared to wildtype BALB/c control levels in lanes (A1, C1 and E1) respectively. TSV treatment at 7.5 or 15 mg/kg per day resulted in a dose dependent reduction in the phosphorylation or activity of p-EGFR (A3 and A4), and p-Src (C3 and C4) that correlated directly to a reduction in the activity of ERK1/2 (p-ERK1/2: E3 and E4).The reduced level of phosphorylated proteins occurred without changes in the level of total EGFR (B2, B3 and B4), total Src (D2, D3 and D4) or total ERK1/2 (F2, F3 and F4). The numbers below the band in each lane represents the average ± SD (n = 3) of the relative density of each band when normalized to the wildtype BALB/c control value arbitrarily set at 1. that inhibition of angiogenesis as assessed by pKDR translated into a reduced expression of CD31. As seen in Figure 6 , the level of CD31, is increased around cystic CT (6B) when compared to agematched BALB/c animals (6A). It appears that TSV treatment eliminates abnormal peritubular CD31 expression but still permits the robust expression of CD31 in glomeruli (6C) of TSV treated bpk kidneys.
PCK
The orthologue of human ARPKD, the PCK, and Sprague Dawley wildtype controls were administered TSV by oral gavage from PN30 to PN90 and the same parameters assessed following TSV administration as in the bpk. Figure 7 reveals that TSV administration to PCK animals from PN30 to PN90 (61 doses) results in a dose dependent reduction in whole kidney size when compared to untreated PCK. The change in whole kidney size is also reflected in the dose dependent significant decrease in TKW from 8.02 ± 0.32 g in untreated PCK to 6.21 ± 0.44 (P < 0.001) and 5.06 ± 0.43 g (P < 0.001) with TSV at 7.5 and 15 mg/kg per day respectively as shown in Table 2 . The reduction in whole kidney size and TKW is associated with markedly improved renal morphology shown in Figure 8 . Accordingly, the CI was significantly reduced by treatment as seen in Table 2 . The improved renal morphology was mirrored by a dose dependant improvement in hepatic morphology as seen in Figure 9 which was reflected in a reduced LW/BW ratio listed in Table 2 .
Results summarized in Table 2 , demonstrate that compared to untreated PCK animals (n = 10), cystic animals treated with TSV showed an 18%, (P < 0.01) and 36% (P < 0.001) reduction in KW/BW ratio, reductions in CI of 29%, (P < 0.001) and 49%, (P < 0.001) and a 10% (P < 0.05) and 18% (P < 0.001) reduction in LW/BW ratios. There was a dose dependent improvement in KW/BW of 26% and CI of 28% with increased dosage from 7.5 to 15 mg/kg per day. Compared to untreated PCK animals, renal function parameters also demonstrated significant dose dependent improvement with TSV treatment. BUN levels decreased by 26% (P < 0.01), and 49% (P < 0.001), CR levels decreased by 24% (P < 0.01) and 43% (P < 0.001) while UCA improved by 36% (P < 0.001) and 47% (P < 0.001) following TSV treatment with 7.5 and 15 mg/kg per day respectively. Treatment of SD controls shows no significant differences in assessed parameters at either TSV dose.
The improvement in morphology and renal function correlates with target verification shown in Figure 10 
Toxicology
Treatment of bpk mice and PCK rats with TSV de monstrated no apparent morphological evidence of renal or hepatic toxicity, no compoundrelated deaths, and no microscopic changes in heart, spleen, stomach, pancreas or thymus with 7.5 mg/kg per day or 15 mg/kg per day dosing.
In sum, the use of TSV at 7.5 or 15 mg/kg per day results in a significant improvement in all assessed parameters compared to untreated or vehicle treated cystic animals in both bpk and PCK animals without obvious evidence of toxicity or detrimental effect of KDR inhibition.
DISCUSSION
A long-recognized clinical observation is the overlap of phenotypic features that at times leads to dif ficulty delineating ARPKD from ADPKD in pediatric patients [3, 5, 16] . Data now reveal that the pathophysiology of the two diseases have significant overlap. Recent evidence revealed a complex set of interactions bet ween PKHD1, PKD1 and PKD2 that occur both at the molecular and cellular level [5, 15, 2023] . Despite the iden tification of the causative genes responsible for ARPKD and ADPKD, the precise function of these genes and their protein products is still unclear.
This complexity, in part, is due in part to many novel attributes of the genes including: (1) the complexity of their protein structures; (2) the large size of PKHD1 and PKD1; (3) the multiple transcripts produced by these genes; (4) the interaction of the PKD proteins; (5) the multiple intracellular sites of PKD protein localization; and (6) the participation of these proteins in a number of multimeric protein complexes [5, 1719, 44] . The lack of functional PC1, PC2 or fibrocystin is embryonically lethal, indicating and PKD begins in utero [25] . ARPKD and ADPKD share common phenotypic abnormalities and intersecting signaling pathways whose disruption leads to cyst formation [3, 5, 16, 23, 34] . Despite this rudimentary understanding, emerging molecular and cellular insights into the pathophysiology of PKD is beginning to translate into unique disease-specific, targeted therapies.
Previous work in our laboratory demonstrated that the combination of therapies that inhibit both the epidermal growth factor receptor (EGFR) autopho sphorylation and EGFR ligand availability provide a novel example of effective combination therapy in murine PKD [37] . Extending this concept, we reasoned that identification of signaling intermediates which: (1) regulate multiple steps in a single pathophysiological pathway; in addition to acting as; and (2) an integration point for multiple signaling cascades may provide even greater benefit than EGFR combination therapy noted above. Key integration points for targeting to prevent disease progression include the activation of the EGFR axis, cSrc, and VEGFR2 by specific kinases [3, 34, 40, 4550] and cAMP signaling [5153] . This led us to examine the potential of a novel multikinase inhibitor, TSV, in pre venting progression of ARPKD.
Given the differences in route of administration, the speed of disease development and the fact that the measure of the disease burden in the kidney and liver are model specific make direct comparison of the results in bpk and PCK unreliable. It is also difficult to compare these results to other interventional therapies we have attempted in these models because we tested two doses only on the basis of recommendations from Kadmon. Never the less the current study demonstrates that TSV ameliorates the progression of renal cystic disease in two well characterized rodent models of ARPKD. Further, TSV's inhibition of the phosphorylation of c-Src, EGFR and ErbB2 led to significant reduction of MAPK activity (ERK 1/2 phosphorylation), and resultant cellular proliferation. In addition to amelioration of renal cystic disease, TSV also led to significant reduction in the biliary ductal abnormalities characteristic of ARPKD in BPK and in the LW/BW ratios of PCK. The results of the current study also indicate that the use of a multi kinase inhibitor that targets angiogenesis driven by KDR or VEGFR2 can be an effective and safe therapy during postnatal renal maturation and development.
Preliminary data from the ongoing phase Ⅱ clinical trial of TSV (KD019) for treatment of ADPKD (https// ClinicalTrials.gov/ADPKD: NCT01559363) presented at the American Society of Nephrology 2015 annual meeting reported: (1) QTc prolongation to ≥ 485 ms was seen in 2/8 pts treated with 100 mg/d; (2) The halflife in adults allowed for intermittent dosing which improved tolerability; (3) The most common AEs were those associated with EGFR kinase inhibition: Diarrhea; nausea; and acneiform rash; and (4) 50 mg/d appeared to be safe and well tolerated and additional patients were being enrolled at this dose to confirm the safety profile [54] . On balance, these data suggest that TSV may be a safe and effective therapy for childhood ARPKD.
COMMENTS
Background
The study detailed here was designed to ascertain if a multi-kinase inhibitor "tesevatinib" would effectively slow the growth of renal cysts and reduce the loss of renal function in two well characterized models of autosomal recessive polycystic kidney disease (ARPKD). This compound targets the EGFR axis, cSrc and it inhibits angiogenesis by preventing phosphorylation of VEGFR2 (also called KDR). The bpk mouse was chosen to examine the effect of KDR inhibition on post-natal development and the orthologous PCK was chosen to examine the effect of oral dosing on inhibition of the target signaling pathways. Tesevatinib inhibit renal cyst growth in both models without overt signs of toxicity.
Research frontiers
This study demonstrated that there is indeed considerable overlap in the aberrant signaling cascades in ARPKD and autosomal dominant polycystic kidney disease (ADPKD). This raises the hope that the lessons learned from therapeutic interventions in ADPKD can be adapted for ARPKD patients.
Innovations and breakthroughs
The most exciting result of this study is that inhibition of angiogenesis, an important component of cyst growth, can now be added to arsenal to slow cyst growth when activity (phosphorylation) is cautiously reduced to normal or wildtype levels. This inhibition with tesevatinib contributed to the amelioration of cyst growth without overt signs of toxicity even in early post-natal development.
Applications
The value of these results is that effective therapies developed and tested for ADPKD patients can be for use in ARPKD patients. A multi-kinase drug with multiple targets theoretically would reduce the amount of compound necessary to achieve equivalent results compared to amounts needed with single target drugs. This effectively reduces the exposure to the compounds and would result in reduced toxicity and potentially allow long term use of the therapeutic compound. This should accelerate the use of therapeutic compounds in clinical trials of ARPKD patients.
Terminology
The activity of a kinase refers to the phosphorylation state of the molecule. It generally means the target molecule becomes phosphorylated and this results in increased activity until it is de-phosphorylated by another molecule. A multikinase inhibitor is a compound that targets multiple signaling components simultaneously and can prevent phosphate from binding to and activating the signaling components thus rendering the molecule useless. This occurs 
